Flavobacterium meningosepticum IFO 12535, a mena quinone (MK) producer, was mutagenized to improve productivity. A mutant, which was resistant to 1-hydroxy-2-naphthoate (HNA), was found to produce MK more abundantly: 34mg/liter of culture broth and 5.5mg/g of dry cells. The mutant was less sensitive to inhibition by HNA on MK biosynthesis than the wild-type strain. MK was isolated from cells of the mutant and identified as MK-6 based on its physicochemical characteristics. Mutants, which were given each KCN resistance, aromatic amino acid auxotrophy and no carotenoid productivity, did not show further increase of productivity.
Mutational improvement of cells has contributed to the development of microbial processes for the industrial production of useful metabolites. These include a few water-insoluble compounds such as coenzyme Q (1) .
In a preceding paper (2), we reported the screening of menaquinone (MK)
producers among a variety of microorganisms and the optimization of culture conditions for the intracellular production of MK by Flavobacterium meningosep ticum. MK production was repressed by the addition of compounds related to MK biosynthesis to the culture medium.
In the present study, the MK productivity of F. meningosepticum was improved by mutagenization. A mutant resistant to 1-hydroxy-2-naphthoate (HNA), which was found to be an inhibitor of MK biosynthesis but not of growth (2) , was obtain ed as a high MK producer. Identification of MK in the mutant cells and attempts at further improvement of the mutant are also described. Table 1 . Isopentyl alcohol (isopentenol) (10-3M) was added at 0 , 24, 48h of the cultivation time, and tyrosine (0 .4%) at Oh.
Thirty mutants resistant to 200mg/liter HNA were obtaind from strain A-24-6 . Five of them showed higher productivity than the parent strain. One strain , HNA 200, was employed for the next mutation, where the concentration of HNA was increased to. 250mg/liter. In this manner, the concentration of HNA was next increased to 300mg/liter and then to 350mg/liter.
The MK productivity of mutants in each step is shown in Table 1 . Mutant HNA 350-22, resistant to 350mg/liter HNA, was used for the following experiments.
Production of MK-6 by strain HNA 350-22
Strain HNA 350-22 was cultivated in the basal medium with or without the addition of L-tyrosine and isopentenol, which were effective on MK production of the wild-type strain (2) . As shown in Fig. 1 , the MK-6 produced reached 34mg/liter Derivation of aromatic amino acid auxotrophs Five mutants, which were derived from strain HNA 300 as tryptophan auxotroph, tyrosine auxotroph, tyrosine and phenylalanine auxotroph, and tryp tophan, tyrosine and phenylalanine auxotroph, respectively, showed a slight increase in the cellular content of MK-6. Due to the decrease of growth, the amounts of MK in the culture of these mutants were almost similar that of the parent. The MK production of all mutants was somewhat increased by addition of L-tyrosine.
Carotenogenesis and MK production
The wild-type strain did not form carotenoid when grown in the dark . On the contrary, carotenoids were produced and the cellular content of MK-6 was low when grown with exposure to light. Carotenoidless mutants, which were derived from strain HNA 300, produced less MK-6 and fewer cells. (8) and then prenylated by catalysis of a membrane-associated transferase (9) . In the way, MK is led to the membrane ruling as a respiratory quinone. HNA is a structural analog of DHNA and inhibits the MK production of F, meningosepticum (2) . An HNA-resistant mutant was obtained as a high MK producer. The strain was less sensitive to the inhibition of HNA on MK biosynthesis. Whether the increase of the activity or the desensitization to feedback control of the enzyme in the biosynthesis contributed to the increased productivity remains to be determined.
Aerobic growth of Escherichia coli with an oxidizable substrate such as succi nate in the presence of KCN led to a nine-fold increase in the MK content (10) . Cya nide was reported to protect the cell viability and MK in cells against photody namic action since the oxidized form of membrane-bound MK is more photo labile in visible light than the reduced form and cyanide ion changes the MK into the re duced form (ll). No significant increase of the MK production was attained by cultivation of KCN-resistant mutants in the presence of a high concentration of KCN in the present study.
Biosyntheses of MK and aromatic amino acids share a common route until chorismate. Previously, it was found that the amount of MK increased with an addition of L-tyrosine or p-hydroxyphenylpyruvate to the culture medium (2) . No prominent increase of MK productivity was obtained by use of aromatic amino acid auxotrophs employed here.
Carotenoid pigments and the polyprenyl side chain of MK are biosynthesized the same way from mevalonate. The carotenogenesis and the decrease of MK content of F, meningosepticum when grown on exposure to light might be due to diversion of metabolic intermediates from carotenoid synthesis to the synthesis of the MK side chain. The decrease in MK productivity of carotenoidless mutants might be explained by the role of carotenoids protecting MK from breakdown by photodynamic action (12).
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